JEuropaisches Patentamt 
European Patent Office © PuWlcatkm number: 0 209 831 

Office europeen das brevets 



© EUROPEAN PATENT APPLICATION 

© Application number: 88109669.1 © Intd. 4 : C 08 F 2/50 

© Detaoffiling: 15.07.88 G 03 C 1/68 



® Priority: 23.07.85 IT 2168485 

© Data of publication of application: 
28.01.87 BuOetln 87/5 

© Designated Contraaing States: 
K CM Of FR G8 U NL 



© Applicant: FRATHU LAMBSTn S-pj*. 
VlaPteveia 

1-21041 AUoatafVaresaHm 



© Inventor: Caoeo*, Lodeno 
vteOsoppol 

. vveM(m 

© Inventor: Mcora. Carlo 
viaF.RUa 
VereseOT) 

© Inventor: U Basal Giuseppe 
vtaStrettM 
aavirataVafeaaOT) 

© Representative: Gerves|,<fermne,Or. et at 
1-21100 MfltmOT) 



® Subetrtutadbei«t>ph^^ 

As initiators for the photopolymerisation of ethylenic* 
ally unsaturated compounds, the use of systems consist- 
ing of compounds of beruophenone type of formula I 




M * R1 ,nd R * aro P^arabry aOcyts of 1-4 carbon 

< PI and n* are preferably hydrogen and Arisprefer- 

ably phenyl, in combination with donors of hydrogen or 
wtostances which determine the formation of labile photo- 
JJT chemfcaJ complexes, such as alcohols, ethers and tertian 
g amines with hydrogens in the alpha position, and the use 
W tor the same purpose of mixtures of 2,4,6- 
a tru^befuophenones and beruophenone and particular. 
Q K/ of s mbcture of 2^3^niethy<b«uc^henone and berv 
wphenooe in a molar ratio of 1.156, which has the aoVan- 
ly 0 * Mn Q at temperatures exceeding 10X and of 
O P°y*»> 0 photochemical activity superior to that of ben- 
zophenone. 

o. ■ 
in 

Croydon Frimg Company Ud. 
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SUBSTITUTED BBSZOPHBIOIBS AID THEIR LIQUID MIXTURES SUITABLE FOR 
USB AS PHOTOPOLTXBRISATIOI IIITIATQRS 

ThlG invention relates to the use of systems comprising 
5 6ubetituted benzophenones and their liquid mixtures as phot ©poly- 
merisation initiators for ethyleaically unsaturated compounds. 

Bthylenlcally unsaturated compounds and in particular acrylic and 
aethacrylic acid derivatives can be polymerised by irradiation 
10 with ultraviolet light of wavelength between 200 and 450 na in 
the presence of photolnitiator systems formed from: 

A) benzophenone or its derivatives 

B) a donor of hydrogen or 6ub6tances which determine the 
format ion of a labile photochemical complex with the car bony 1 

15 compound (A), such as alcohols, tertiary amines or ethers having 
available hydrogens on the carbon adjacent to the heteroatom. 

Examples of benzophenones which form these photolnitiator systems 
are benzophenone Itself which Is the most widely used, 4,4*-bie- 

20 dimethyl (or diethyl) aminobenzophenone (Xlchler ketone), which is 
very efficient in pigmented systems, 4 - hydroxy be nz ophe none 
condensed with ethylene oxide and ester if led with acrylic acid, 
which has the advantage of being liquid and copolymer lsable, 2- 
carbomethoxy benzophenone , 3,3 $ , 4,4' -benzophenonetetracar boxy lie 

25 acid esters etc. As many of these products are solid, they are 
difficult to incorporate into the photopolymerisable system, or 
have a photochemical efficiency which is less than benzophenone 
itself. 
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In accordance with the present invention, we have now 
surprisingly discovered that systems consisting of: 
A) coapound6 of formula I 

R 3 R 



35 




in which 

10 R signifies linear or branched Ci-C,* alkyl possibly 

substituted with one or more phenyl, chlorine, bromine, 
Ci-Cia alkoxy, ArO-, ArSO-, ArSOa-, C,-C, a alkylsulphinyl 
or Ci-Cia alkylsulphonyl groups; or -S0»fi or C,-Ci 2 
dialkylaaino, respectively as free acids or bases or 

15 salified with organic or inorganic bases; Ci-Cia alkoxy; 

or ArO 

R\ R* which can be equal or different, each independently have 
the sane meaning as R or represent hydrogen or a bridge 
of carbon atoms with Ar or R 3 or R* possibly comprising 
20 heteroatoms 

R 3 , R* which can be equal or different, each independently 
represent hydrogen, linear or branched Ci-Cia alkyl, 
phenyl, chlorine, bromine, -SOiH possibly salified with 
organic or inorganic bases, or ArCO- 
25 Ar represents a Cc-Cio aryl either non-6ubstituted or 

carrying one or nore substituents of the halogen, Ci-Cia 
alkyl, phenyl, Ci-C* alkoxy, C»-C« cycloalkoxy, phenoxy, 
-COOH, Ci-C« alkoxycarbonyl, benzoyl, Ci-C* dialkylamino, 
Ci-Cs alkylthio, alkylsulphinyl, alkylsulphonyl, 
30 arylthio, arylsulphinyl and arylsulphonyl group; or 2,3 

or 4-pyridyl; or a furan or thiophene residue 
B) an organic tertiary amine of aliphatic type, or an ester of 
p-dimethylaainbbenzoic acid or 4,4'-bis-(Ci-C» dialkylaaino) 
benzophenone, or single or polymeric ethers of primry or 
secondary alcohols or glycols or primary or secondary aliphatic 
alcohols or in any event donors of hydrogen or substances which 
determine the formation of labile chemical complexes, 
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can be used in the photolnitlated polymerisation of ethylenlcally 
unsaturated compounds, and in particular of acrylic and aeth- 
acryllc acid derivatives, with a photochemical efficiency 
considerably greater than that of analogous systems containing 
5 the currently used benzophenonee indicated heretofore. 

Further according to the invention, we have also surprisingly 
found that particular mixtures of benzophenone and compounds of 
formula X, by virtue of having melting points considerably lower 
10 than those of the individual compounds, can be used In the liquid 
state with considerable practical advantages with regard to their 
incorporation into the photopolymerlsable mixtures, in combinati- 
on with the compounds of type B indicated heretofore. 

15 Preferred systems for use according to the present invention are 
those consisting of: 

A) one or more benzophenonee of formula I in which 
R, B* , R a which can be equal or different, each independently 
signify Ct-C* alkyl, 
20 H 3 , E* which can be equal or different, each independently 
signify hydrogen, Ci-C* alkyl, or -SObH possibly 
sal if led with organic or inorganic bases, 
Ar signifies phenyl, possibly substituted with one or 

more Ci-C* alkyl, CI, Br or Ci-C* alkyl thio groups 
25 B> an organic tertiary amine of aliphatic type, or an ester of 
p-dimethylaminobenzoic acid or 4,4*-bis-<Ci-Ca dlalkylaaino) 
benzophenone, or molecules containing single or polymeric 
derivatives of glycols. 

30 Examples of compounds of formula 1 are: 

2, 4, 6-trlmethylbenzophenone 

2, 4, 6- tr le thy 1 benzophenone 

2, 4, C-trii6opropyl benzophenone 

2, 4, 6-tritert. butyl benzophenone 
35 2,4, Q-trimethoxy benzophenone 

2,3,4, 5, 0- pent ame thy 1 benzophenone 
. sodium 2»4,6-trla»thylbenzophenoae-3-sulphoaate 
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4-(2, 4, 6-triaethylbenzoyl) pyridine 
2- (2, 4,6-'trimBthylbenzoyl)pyridine. 

Preferred as. liquid mixtures of compounds of formula I and 
5 benzophenone are those with molar ratios of between 0.1 and 10. 

Particularly preferred as liquid mixtures of compounds of formula 
I and benzophenone are those of 2,4,6-trimethylbenzophenone and 
benzophenone in molar ratios of between 1 and 1.3 having a pour 
10 point less than 0°C. 



Particularly preferred compounds of type B are single polymeric 
derivatives of aliphatic alkanolamines, esters of p-dialkyl- 
aminobenzoic acid, and aliphatic alcohols and glycols possibly 
15 carrying acrylic saturations or included in macromolecular 
structures. 



Compounds of formula I are known from the scientific literature 
and are normally obtained by Priedel-Craf ts acylation (Houben 
20 Veyl, Methoden der Organischen Chemie, Band 7II/2a, Teil 1, pag 
164-233) In accordance with the two following alternatives: 



25 




R* R a 



30 ArCOCl + Ri 

R* R a 

where cat. signifies a Friedel-Crafts catalyst. For example 
2,4,6-trimethylbenzophenone has been obtained by acylation of 
35 mesitylene with benzoyl chloride in the presence of anhydrous 
aluminium chloride [Louise, Annales del Chemie, 6 <6) 202; H.O. 
House et al., J. Org. Chem. , 41, 3083 (1976)]. 
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Although there are numerous publications in the literature on the 
photocheaistry and photophyeics of the compounds of foraula I, 
and in particular of 2, 4,6-trialkylbenzophenones IT. litaura et 
al., Tetrahedron, 27 1507 (1071) - Y. Ito et al. f J. in. Chea. 
5 Soc. 102, 5017 (1080), ibid. 105, 1500 (1083), J, Org. Chea. , 46, 
4350 (1081) - 0. Porter et al., J. Chan. Soc. ik) 3772 (1071), 
Chea. Coma., 1372 (1070)1 there, is no reference to their use as 
-polynerisation photoinitiatore. 



10 The photopolyaerisable coapounds with which the photoinitiator 
systeas according to the present invention can be advantageously 
used are di, tri, tetra or polyf unctional aononare and oligoaers 
of acrylic or mathacrylic type, such ae esters or aaides. 

15 Photopolyaerisable oligoaers and prepolyaers are represented aost 
coaaonly by polyester, polyether, polyurethane, acrylic, epoxy 
and silicone resins containing acrylic or aethacryllc 
functionalities. Those aixtures useful in the art are those 
foraed froa the aforesaid aonoaer6 and oligoaers in possible 

20 coabination with plgaents, fillers, theraal stabilisers, light 
stabilisers, antioxidants, paraffins etc. , .various auxiliaries 
such as anti-foaaing agents, dispersante etc. The co-use of 
other photoinitiators such as benzyl ketale, benzoin ethers, 
thloxanthones etc. is also possible. 

25 

Photopolyaerisable aixtures containing the photoinitiator systeas 
according to the present invention can be used as coatings for 
wood, aetal, paper, fabrics, plastics aateriale, fibreglass, 
rubber; printing inks, adhesives and sealants; Basses for 
30 fabricating printing plates or silk-screen aatrlces; aasses for 
fabricating structural aateriale. 

With regard to light sources, the photopolyasrisation process can 
use aedlua, low or high pressure aercury vapour laaps, super- 
35 actinic laaps or leaps specially designed to obtain high 
radiation intensity at wavelengths between 250 and 450 na. 
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The photoinitiator systems according to the present invention are 
used in a- quantity of between 0.1 and 15% by weight of the 
photopolymerisable mixture, and preferably between 0.5 and 10% by 
weight. The ratio of component A to component B can vary between 
5 0.1 and 10 but values of between 0.5 and 1.5 are preferred. 



Vhen the conpound6 of formula 1 are U6ed as the benzophenone 
system of type A, three advantages are obtained over the use of 
benzophenone itself, naaely better photochemical efficiency and 
10 less fils coloration and odour. 



Vhen liquid mixtures of compounds of formula I with benzophenone 
are used, in addition to the 6tated advantages the preparation of 
photopolyserlsable mixtures takes less nixing time and lower 
15 temperatures can be U6ed. In addition the fact that a liquid 

photoinitlator is used helps to keep the viscosity low and allows 
co-solubilisation of components which would otherwise be more 
difficult to dissolve. 

20 The following examples illustrate the invention in greater 
detail, but without limiting it (the parte are by weight). 



The benzophenones used are indicated by abbreviations and have 
the following characteristics: 
25 BF = benzophenone - crystalline solid, X. P. 49°C, IR spectrum 

(KBr) : 1655, 1275, 695, 633 cm- 1 . 
TUB = 2,4,6-trimethylbenzophenone - netastable liquid, B.P, 

169°C (17 minHg) or crystalline solid with X.P. 35.5°C, 

IR spectrum (KBr) : 1670, 1270, 917, 710 cjTK 
30 TBB = 2,4,6-trlethylbenzophenone - liquid, B.P. 210-220°C 

(40 mmHg), IR spectrum (liquid film) : 1660, 1270, 925, 

865, 705 car 1 . 

TIPD = 2,4,6-triisopropylbenzophenane - crystalline solid, X.P. 

98-99°C, IR spectrum (KBr) : 1665, 1250, 950, 930, 680, 
35 725 cur 1 , 

PXB = 2,3,4,5,6-pentamethylbenzophenone - crystalline 6olid, - 

X.P. 134-135-C, IR spectrum (KBr) : 1670, 1210, 890, 705 
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car 1 . 

TXDB = '2,4, 6-tr ioethoxybenzophenone - crystalline solid, K.P. 

il2-113°C, II spectrua (KBr) t 1660, 1600. 1585, 1125, 
810 cr 1 . 

* 5 KDBA = i-aethyldiethanolaaine - liquid, 
BIAXPLE 1 

Eutectlc nlxtura nf 2 . A . 6- tr 1 met byl benzophepone and bengophflponc 
<BF/TXB) 

10 

585 g of 2,4,6-trimethylbenzophenone (H. P. 35.5°C> are heated to 
45°C t 415 g of benzophenone (K.P. 49°C> are added, and after 
agitation for 15 minutes the mixture is cooled to 20°C. A 
composition is obtained (solar ratio TUB/BP * 1.155) having the 
15 following characteristics; IR epectrua (liquid film) : 1660, 
1270, 905, 700 cir 1 ; clear liquid up to 10°C; pour point (ASTK 
D97/66) less than -10°C; Brookf ield viscosity RTT 1/20 rpa » 55 
aPas at 20°C, e * 145 aPas at 10*»C. 

20 BZAXPLES 2 to 5 

The photo-croesllnkable alxtures having the coapositlon indicated 
in the individual exaaples given hereinafter were applied to a 
glass plate to a thickness of 50 aicrons. After exposure to air 
for 30 seconds the fllas were irradiated by successive passages 

25 at the indicated conveying speed under a sedlua pressure mercury 
vapour lamp of the indicated power at a distance of 10 ca froa 
the light source. Sward hardness (AST* D2134-66) and yellowing 
(AST* D1925-63T) were determined. 

30 The theraal stability, evaluated for photolnltlated airtures kept 
in darkness at 60°C, was greater than 30 days for all the 
photoinitiator systeas. 

In Example 2, the operating conditions and results were as 
35 follows: 

■ t Photo-crosslinkable Laroaar" LB 8496 (acrylated aliphatic 
composition rc-?i- w 95-93 
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Lamp power 
5 Conveying speed 



XDEA 1-3 

Benzophenone compound (50% solution 

in 1, 6-hexanedioldiacrylate) <A> 4 

40 V/ca 

20 m/ain. 



20 



A KOEA R Fill Ucki- Svird hardness After Yilioving Index 

pirti parts mss after 2 passages 3 passages 4 passages after 4 pasuget 

by %i bv wt 1 pawoe _ 
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dry 
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dry 
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(a) 6F vas used for comparison purposes 



Photo-croeslinkable 
composition 



In Bxample 3, the operating conditions and results Here as 
follows: 

Laroner* EA 81 (acrylated aromatic 
epoxy resin BASF) (R) 86 
25 1,8-hexanediol dlacrylate (HDD A) 0-12,25 

benzophenone compound (50% solution 
in HDDA) (B) 1-6 
XDEA 0.75-6 
Lamp power 40 V/cm 

30 Conveying speed 20 m/nin. 



B 8 


KOEA 


HDDS 




Surd turdntti altar 




parti 


parti 


parti 


1 pimp 2 paiiagei 3 pasiagci 4 puiagii 
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h Y .t 


by «t 


by «t 
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BF/TKB 



10 m 

TIPS 
IBflL 



20 



<a) BF in used for coaptriioa purpotts 
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15 In Bxasple 4, the operating conditions and results were as 
follows: 

Laroasr" EA 81 

benzophenone conpound (18*21 
solution in vi ny 1 pyrrol 1 done) (B) 
KDBA 
40 V/ca 
20 m/nin. 



Photo-crosel i nkable 
composition 



Laap power 
Conveying speed 
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<a) BF was used for conparison purposes 

In Example 5. the operating conditions and results were as 
follows: 

35 Photo-crosslinkable Laro«r* 55 P <acrylated polyester 
composition resin BASF) 

benzophenone conpound (A) 



100 
2 
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Silicone Dow DC 100 (2 OX solution 

in xylene) 0.2 

Film thickness , 500 microns 

Lamp power 80 V/cn 

k Yellowing index of cross linked filn after: 
1 passage at 3.5 n/mln 1Q passages at 1 a/ Bin 



BP (a) 2 15 

TKB 2 10 

10 2,2-dinethoxy-2- 

phenyl ace tophe none (b) 10 20 
l-bepzoylc yrlnhaxanol (b) 5 12. 



(A) used for comparison purposes 

<b> nan- be nzophe none compounds used for comparison purposes. 
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PATBTT CUIUS 

1. As initiators for the photopolyaerisation of ethyleni- 

cally unsaturated coapounds, the use of eysteas consisting of : 
5 A) o&e or aore beazefkesones of foraula I 

*» R 

— At 



10 



In which 

I signifies 11 sear or branched C,-C, a alkyl possibly 

eubstlteted with one or aore phenyl, chlorine, bromine, 
C,-Ct» alkoxy, ArO-, ArSO-, ArSOa-, C,-Ct, alkylsulphinyl 
15 or alkylsulphonyl groups; or -SQ.H or C,-C»» 

dlAlkylaalno, respectively as free acids or bases or 
eallfled with organic or Inorganic bases; Ct-C,a alkoxy; 
or ArO- 

R\ H* which can be equal or different, each independently have 
20 the sane meaning as R or represent hydrogen or a bridge 

of carbon atoas with Ar or R» or R* possibly comprising 
heteroatoas 

R*, R* which can be equal or different, each independently 
represent hydrogen, linear or branched Ci-Cia alkyl, 
25 phenyl, chlorine, broaine, -S0.H possibly sallfled with 

organic or insrgaalc bases, or ArCO- 

Ar represents a C«-C,o aryl either non-substituted or 

carrying one or aore substituents of the halogen. Ci-Cta 
alkyl, phenyl, C,-C* alkoxy, C»-C« cycloalkoxy, phsnoxy, 
30 -C00H. C-C. alkoxycarbonyl, benzoyl, C,-C dlalkylanino, 

C,-C» alkyl thio, alkylsulphinyl, alkyleulphoayl, 
arylthio, arylsulphlnyl and arylsulphonyl group; or 2,3 
or 4-pyridyl; or a furan or thlophene residue 

B) an organic tertiary axdne of allphatio type, or an ester 

35 of p-diaethylaainobenzoic acid or 4,4 , -bie-<C.-Ce dlalkylaalno) 

benzophenone, or single or polyaeric ethers of primary or 

secondary alcohols or glycols or prlaary or secondary 
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aliphatic alcohols, 

2. The use in accordance with claim 1 of systems consisting 
of: 

5 A) one or more benzophenones of foraula I in which 

R, R 1 , £ 3 which can be equal or different , each independently 

signify Ci-C* alkyl, 
R 3 , R A which can be equal or different, each independently 
signify hydrogen, Ci-C* alkyl, or -SOaH possibly 
10 salified with organic or inorganic bases, 

Ar signifies phenyl, possibly substituted with one or 

more Ci-C* alkyl, CI, Br or Ci-C* alkylthio groups 
B) an organic tertiary amine of aliphatic type, or an ester 

of p-dimethylaminobenzoic acid or 4 # 4 , -bi6-(Ci-C« dialkylamino) 
15 benzophenone, or molecules containing single or polymeric 
derivatives of glycols. 

3. The use in accordance with claims 1 and 2 of systems 
consisting of i 

20 A) one or aore benzophenones of formula I chosen from 2,4,6- 

trimethylbenzophenane; 2,4,6-triethylbenzaphenone; 2, 4 t 6-trii6o- 
propylbenzophenone; 2, 3, 4, 5, 6-pentamethylbenzophenone 
B) tertiary amines, or alcohols or ethers as defined in 

claim 1. 

25 

4. The use in accordance with claims 1, 2 and 3 of systems 
in which component A consists of one or more compounds of formula 
I, preferably chosen from 2,4, 6-trimethylbenzophenone, 2,4,6- 
triethylbenzophenone, 2,4 t 6-tril6opropylbenzophenone and 

30 2, 3,4,5, 6-pentamethyl benzophenone, in mixture with benzophenone, 
said mixture having a melting point considerably lower than that 
of the individual components. 

5. The use in accordance with claims 1, 2, 3 and 4 of 
35 systems in which component A consists of a mixture of 2,4,6- 

trimethylbenzophenone and benzophenone in a molecular ratio of 
between 10:1 and 1:10 and preferably between 1.3:1 and 1:1, said 
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aixture being liquid above 10»C. 

o. A photopolyaerlsable syetea consisting of: 

a) ethylenically unsaturated aonoaers and/or oligomers 
5 preferably of acrylic or aathacrylic type, 

b) aixtures of beazophenonee and tertiary aalaes ae 
photocheaical polynerlsatlon Initiators defined as in 
claims 1 to 5, 

c> other coapounde such as pigaents, fillers, dyes. 

10 stabilisers and various auxiliaries. 

7. A alxturs consisting of 2,4.6-triaethylbenzopheiione at 

benzophenone in a aolecular ratio of between 1.3:1 and 1:1, 
having the characteristic of being liquid at teaperaturee ' 
15 exceeding 10°C. 
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© Substituted benzophenones and their liquid mixtures suitable for use as photopolymeriwtion initiators. 

(57) As initiators for the photopolymerisation of ethyienically 
unsaturated compounds, the use of systems consisting of 
compounds of beruophenone type of formula I 




in which R, R 1 and R a are preferably alkyis of 1-4 carbon atoms, 
R and R* are preferably hydrogen and Ar is preferably phenyl, 
in combination with donors of hydrogen or substances which 
determine the formation of labile photochemical complexes, 
such as alcohols, ethers and tertiary amines with hydrogens 
in the alpha position, and the use for the same purpose of 
mixtures of 2A6-trialkylbenzophenones and benzophenone 
and particularly of a mixture of 2A6^rirnethy1benzophenone 
and benzophenone in a molar ratio of 1.155. which has the 
advantage of being liquid at temperatures exceeding 10*C and 
of possessing photochemical activity superior to that of ben- 
zophenone. 
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